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THE RESEARCH OF THE STEEL CUTTING BLADE RELIABILITY
FOR THERMO-FRICTIONAL PROCESSING

Abstract. The scientific and theoretical research of the steel cutting blade working for thermo-frictional cutting,
An option of rod approximation when a solid of a circular blade is considered as a hingeless circular arch on given to
the middle of the surface of blade flat from multiplicity approaches to the modeling of calculation scheme of working
rotating blade is offered. A classical work method was applied to study stress-strain state; taking into account an arch
symmetry a number of unknown forces equal 3. To exclude incidental coefficient, feature of an elastic center for
weightless infinitely rigid console was used. To clarify results of calculation of reliability of the cutting blade was
used by software package Lira. The contour plots of stresses and displacements were presented. Comparison of the
calculations results of the saw blade based on two computational models: rod and bar changes indicate similarity
laws of stress, but there is a definite difference in the values of stress, which is explained by the difference appro-
ximating expressions.

Key words: thermo-frictional cutting, a cutting blade, a hingeless circular arch, contour plots of stress, bending
moments, cross forces, longitudinal forces.

Introduction. The process of thermo-frictional cutting metal blank of rapidly rotating steel disc
found widespread at the metallurgical enterprises in the Commonwealth of Independent States (CIS) and
abroad. The main advantage of this method is the technological simplicity, low cost and high performance
cutting.

One of the advantages of thermo-frictional cutting is making discs from conventional structural steels
(steel 50, 530G, 65G, etc.) than the saving of scarce tool steels and alloys. Disks geometrically
distinguished: with smooth cylindrical outer surfaces, a knurled or serrated, toothed [1]. The latter have
increased productivity, as a friction metalworking chip formation is added to the process, as well as
delivered to the cutting zone additional oxygen [2]. But such drives require constant re-sharpening the
teeth. In order to reduce the side friction disc on the metal blank to be cut from the end of the disc ends
undercut at 0.5 + 1 mm. Usually discs are cooled with the air, but in the case of cutting an extended
cooling water is recommended. Friction discs cut metal blank of steel and cast iron of different profiles
and hardness. The special effect is achieved when cutting hard materials: hardened alloyed, corrosion-
resistant and high-temperature alloys [3]. Applications thermo-frictional cutting is cold and hot cutting
rolled section steel of small, medium and large sizes. In [4] the process of thermo-frictional cutting of
metal blank is characterized as a high-performance method for the separation of hot and cold metal blanks
of various materials, with major disadvantage inherent in this process - the formation of large burrs at the
ends of metal blank to be cut. The entire surface of metal blank friction and a small part of the
continuously updated disc friction surface are constantly involved while friction cutting. Figure 1 shows a
diagram of the thermo-frictional cutting of the metal blank.
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Figure 1 -
The scheme
of thermo-frictional cutting
of the blank:
1 - a cutting disc;
2 - ablank;
3 - fusil metal globules

Figure 1 shows a diagram of thermo-frictional cutting of metal blank, where cutting disc rotates with
velocity v, it has a vertical feed S. Upon contact with the pipe, the rotary disc heats the contact layer of the
metal blank. As a result, the heat released by friction is accumulated mainly in a small volume of metal
blank, while continuously cooled disk is heated slightly [5,6]. Heating metal blank in the cutting zone
occurs so rapidly that a few hundreds of a second contact plate temperature approaches the melting
temperature of metal, the blank surface layer softens, microroughnesses of rotating disk is embedded in
the surface of the metal blank and conduct microcutting [7]. The largest globules of fusil metal by
centrifugal force and break away from the disc are e¢jected from the cutting zone in the form of sparks
beam (see figure 1). Small globules are welded to the disc, forming microroughness like the abrasive
grains. In the process of cutting the microprojections are worn because of the metal blank and by the time
of exit from the cutting zone are cooled down in the air and crumbled from the disc. But with each new
revolution of the disk on its friction, surface forms a fresh layer of micro-roughness. Thus, cutting process
is connected with the process microcutting, so exceptionally high performance is achieved during the
thermo-frictional cutting [8,9]. Thus, the main disadvantages of the thermo-frictional processing are the
noise generated by the disc during operation, the formation of large burrs at the ends, the complexity of
cutting a thin-walled products [10,11,12].

The authors patented the resource saving methods of thermal frictional manufacture into small
velocity [13,14,15], constructions of cutting blades [16,17] and systems [18]. Comparison with traditional
methods of manufacture shows that using this method reduces costs of equipment by 3-5 times by the
feasibility selling at simplified machines (ny,<4000 rpm) and increases tool durability in 10-30 times
[19,20,21,22.23]. However, there is the problem of providing a cutting surface perpendicularity, which is
directly dependent on the stiffness and dimensional stability of the cutting disc. In this regard, work to
study the reliability of steel cutting discs is relevant.

The research methods. A cutting blade is modeled as a hingeless arch to study its reliability, it is
possible to perform calculations, using a rod model in the form of a hingeless circular arch, for half a
cutting blade.

The photographs of steel cutting blades made of the different materials are shown (figure 2).

Figure 2 — The photographs of the cutting blades:
(a) a cutting blade of steel 65D; (b) a cutting blade of steel 50; (c) a cutting blade of steel 45;
(d) a cutting blade of steel Hardox (e) a cutting blade of steel 20
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Calculating theory of hingeless archs. A cutting blade can be considered as a rod system in the
form of a hingeless circular arch with a rectangular cross section. A hingeless arch is curve-linear rod with
two tough ends. Figure 3 shows geometric arch scheme. In this arch number of unknowns equal to six
(there are 6 reactions in its supports: 2 vertical, 2 horizontal and 2 moments, equations for arch balance
can be made up only 3), therefore this system is thrice statically indeterminable (n=3).
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Figure 3 — The geometrical scheme of an arch

Main unknowns (figure 4a) - Z; inversely symmetrical force, - Z» Z; symmetrical forces.
The canonical equations of flexibility method

0L, +0,L, +0, L, + Alp =0,
0Ly + 0,2, +0,7, + Azp =0,

(1)
é‘3121 + é‘3222 + é‘33Z3 + A3p =0.
I-version IT - version
of the
main
System

Figure 4 — The calculated scheme of the arch and options of the main systems

Multiplication symmetrical and inversely symmetrical of diagrams moments results in d;,= d2;= d;3=
= 83;=0, inasmuch as 03, # 0,3 = 0 instead of first option of main system (figure 4b) we choose second
option at the main system (figure 4¢). To do this we attach weightless and tough 2 symmetrical consoles

with length «Yo» sections making in cut lock. We attach new principal unknown forces Xi, Xo, X5 (X1, Xz
forces X; bending moments to the consoles ends («C» point).

Matching 2 options of main systems (figure 4 b, ¢) we get the ratio between 2 kinds of main
unknowns:

Z1=X1, 22722, Z3=X35-X2 Yo (2)

The system of the canonical equations for symmetrical unknowns (Xz) and (X3) will be the next (for
figure 4b).
X,6,+ X0, +A,, =0,
3
X2§32+X3533+A3p:0. )

Where in it is necessary to choose length console (yo) such way that incidental displacement (J-3)
in system (3) turn to zero naturally. Figure 5 shows the calculated scheme of an arch and the main
system.

Figure 6 shows the bending moments, cross and longitudinal forces.
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Figure 5 — The calculated scheme of the arch and the main system:
(a) the calculated scheme; (b) the main system

Figure 6 —
The diagram of bending moments,
cross and longitudinal forces:
(a) the diagram of bending moments;
(b) the diagram of cross forces;
(c) the diagram of longitudinal forces

By the values inner forces, the stresses into arches can be calculated by the following equations
N 2
VeV 4)

Oy :—2 1+72

lx

where A = bh - cross sectional area; yr - the most distant point from neutral line; y¢ - point of application;

I f - square radius of inertia.
-S
T= Q-5 Q)
J_-b
where J = bh? /12 - moment of inertia; S, =bh 2 /8 - static moment; b - thickness of a blade; / -
width (radius) of a blade.
We can do test of strength of a blade by the following theory of strength.
argd:«/a§+3-12£R-yc (6)
coefficient of working

where o =+0,, o, - full normal stress; R — calculated resistance; -
conditions.
The calculated results are presented in table 1.
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Table 1 — The calculating stress in the arch

Ne OK T Ored Ne OK T Ored
1 -16,76 8.31 22,09 8 3,34 12,34 21,63
2 -13,6 8,55 20,11 9 -2,79 7,81 13,81
3 -9.33 9,34 18,68 10 -5,32 34 7,94
4 -3,72 10,66 18.83 11 -4.35 0,28 4,38
5 2.8 12,19 21,30 12 -1,81 2,8 5,18
6 11,09 13,55 25,96 13 2,14 3,72 6,79
7 11,35 13,21 25,54

Calculation of reliability of a cutting blade on lira software package Calculation was fulfilled on
Lira software package 9.6. The calculated scheme (figure 7) is taken in the form half an arch with 4 nodes
bars loaded by the linear loadings which considered a cutting process.

Figure 7 — The calculated scheme of the half-disc

Calculating results are showed below (figure 13). Data of stress component by appropriate sectors are
showed in a table 2.
Resulting stressed for half - disc are determined by the following equation:

O-red:Jo-i+O-zz+3'T§zSR'7/c (7)

Table 2 — Calculation of stress (two-dimensional problem) in bars (by section A-A)
Ne Ox Gz Txz Gred Ne Ox Gz Txz Ored
1 -3.19 -3.7 -1.86 5.85 8 -0.27 -20.4 -11.1 28.03
2 -3.95 -3.26 2.13 6.31 9 3.57 -21.58 -1.14 21.96
3 -6.25 -2.28 2.14 7.62 10 0.86 -16.74 6.09 19.80
4 -9.96 -0.84 1.35 10.27 11 -4 -10.54 9.07 19.34
5 -14.9 0.78 -1.94 15.29 12 -9.07 -4.38 8.73 18.17
6 -17.4 -1.06 -9.44 23.90 13 13.32 -1 5.86 16.78
7 -11 -10.5 -15.5 30.85

Figure 8 shows the contour plots of stress and displacement by the axis.

The discussion of the received results. The received theoretical results after the researches testify to
the following issues:

Work modeling of cutting metal blade was fulfilled in two options (as a rod system — in the form a
hingeless circular arch and as a two-dimensional system — in the form thin circular isotropic bar with
holes) gives results (as stresses and displacements) are sufficiently close to each other which indicates the
reliability initial theoretical assumptions. The contour plots of stresses and displacements along the axis
(figure 8 a,b,c) resulting in software package Lira, adequately reflects the work of cutting blade. Thus, for
example, Ny, Tx, N, increasingly concentrated in the zone of maximum loading blade (closer to the
outer contour of the blade) with the blade concentrating stresses infeed zone a treated material body. The
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Figure 8 — Contour of the plots and displacement by the axis:
a) stress contour of plots (ox) by the axis X; b) stress contour of plots (cz) by the axis Z;
¢) stress contour of plots (txz); d) displacement contour of plots by the axis Z;
e) displacement contour of plots by the axis X; f) contour of plots of angle of rotation relative to the axis Y
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received results of calculation are in the form of two models (a rod and bar) showed that under given
conditions is provided strength a condition blade saw wherein received value of stress in two calculations
don’t diverge much (figure 9).

Thus, the given two options of modeling provide reliable protection work.

Conclusions. 1. The methods of a stressed state calculation of a cutting blade was developed for
thermal frictional cutting the bars in the cutting process, which is a rotating circular blade in diameter
240 mm, and constant thick t = 4 mm.

2. Cutting blade process was modeled by 2 options; as a rod system (in the middle «half-blade» axis)
in the hingeless arch form (three times statically indeterminate system) as a two-dimensional system (a
circular half-blade) as a thin isotropic bar.

3. The calculations are made with using the following methods: the analytical forces, methods are for
hingeless arch (manual count), the numerical methods of finite elements for the bar in the form of «semi-
circle» (a machine calculation) based on software package Lira 9.6).

4. Comparison of the calculations results of the saw blade based on two computational models: rod
and bar changes indicate similarity laws of stress (figure 9), but there is a definite difference in the values
of stress, which is explained by the difference approximating expressions.

K. T. Illepos!, M. P. Cuxuméaes?, T. I'. Hacan®, . H. AG6caabikos?,
A. C. M3010Ba5 A, E. Oxuméaenal, H. C. Kyauos!
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TEPMO®PHUKIUAIBIK OHAEYT'E APHAJIFAH BOJIATTAH KACAJITAH
JUCKLII KECKIIITIH CEHIMALIITTH 3EPTTEY

AnHoOTansA. ABTOPIAP KSCKIII TUCKIACP MCH KOHIBIPFBLIAPABI a3 KUITAMABIKICH TCPMO(DPHKIUIBIK 6HICY -
IiH pecypc YHEMACY SJiCTepiH MAaTCHTTEIl. OHICYAIH ASCTYPIl 9IICTEpIMEH CANBICTBIPY KOPCETKEHICH, maiaana-
HBLIATHIH OYJT O7iC KAOABIKTAYFa KSTCTIH MBIFBIHAR KAPAAHEIM CTAHOKTAPAA KOJIAHY MYMKIHAITI apKBLIBI 3-5 ece
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azatitansl (nmn<4000 aiin/mMuH), acmanrapasiy Oepikriria 10-30 ece aprTbIpanbl. Anaiaa, KECKIII TUCKiHIH KAaTTbI-
TBIFBI MCH (DOPMACBHIHBIH TYPAKTHUIBIFBIHA TIKETICH OAMIAHBICTBI OOJBIT KEJCTIH KECY OPHBIHBIH JKOFaprbl Kaba-
TBHIHBIH, TICPIICHANKY JSIPIBIFBIH KAMTAMACHI3 €TY MPoOIeMachl OpbIH anybl MyMKiH. CoraH OaillaHBICTHI, 0OJIAaTTaH
KYHbUTFAH KECKIM AMCKINEPIIH CEHIMILNITIH 3epTTEyre OarbITTAIFAH >KYMBICTAD MAHBI3ABI OOMBIN TaOBLIAIBI.
Bepinren skyMbICTa TEPMODPUKIMAIBIK KECYy VIIIH apHAIFAH OO0NAT KECKIMI JAMCKTHIH FHUTBIMH-TCOPHSITIBIK 3CPT-
TeyAepi KyprizumreH. yMmpIC icTenm TypraH aiHAJIMaNbl AUCKIHIH €CENTIK CYI0ACBIH YATLIEYTEe KONTETCH TICLI-
JICPZICH, TOHTEICK TUCKIHIH KaTThl JCHEC] IUCK A3bIKTHIFBIHBIH OPTa OCTiHE KENTIPIATreH Mapchl3 alfHAIMAIBI apKa
pETiHAE KApacTHIPBIIATHIH CTEP)KEHB/II ANIIPOKCHMALHS HYCKAChI YCHIHBUFAH. KepHeymi-aedopMarmsianrad Kyl
3epTTEy YIIIH KJIACCHKAJbIK TOCLT KOITAHBUIFAH; APKAHBIH CHMMETPHICH ECKEPEisic OTHIPHII, OCNTiCi3 KYIITEP CaHbI
Yy men anbHABL. Keckinr ANCKTHIH CEHIMAIMITIH 3ePTTEY HOTIPKEICPIH HAKTHUIAY YINIH Lira KOMIIEKCTIK Oarmap-
JAMACBIHAA CCENTCyNep Kyprizimai. KepHeymep MCH OpBIH ayBICTHIPYIAPABIH H30MOJBLACH KCATIPUITeH. JMCKTHI
apaHbIH €Ki eCEnTey MOy OOHBIHINA CSCENTEY HOTIDKEICPIH CAJBICTHIPY: CTCPIKCHB/I JKOHE IUIACTHKANIBIK KEp-
HEYJICPIIH 63repy 3aHABLIBIKTAPBIHBIH YKCACTHIFBIH KOPCETEAl, JarCHMEH KEpHEYJIEp maMackiHaa oenrim Oip e3re-
mIemikTep Oap, 01 aMTPOKCHMALHS OPHEKTEPIHIH dPTYPIILIITiIMEH TYCIHAIPIIE L.

3eprTeyiep JKYPridy HOTHIKCCIHIAC ANBIHFAH TCOPISUIBIK KOPBITHBIHABLIAP KECKIIM AMCKIHIH >KYMBICBIH MOJCT-
JIey i €Kl HYCKaJa OpbIHAAy (CTEpsKeHI1 JKyHe PEeTiHAEe — NIAPHUPCI3 AOFAIBI apKa TYPIHIE jKOHE KOC IIaMalbl XKyie
PETiHAE — CaHBLIAYJIBI JKIHIIIKE JOFAIbl H30TPONTHI IDIACTHHA TYPiHAE) Oip-OipiHe oTe yKcac HOTIXKENep OepeTiHiH
KepceTeai (KCPHEYIL JKOHE ayBICTRIPMANBI TYPAC), al Oy TYMKUIKTI TCOPHATBIK OOKAMIAPABIH TYPBICTHIFBIH
avikprHman Oepemi. Lira 9.6 OarpapramanbIK KEHICHIHAEC ANBIHFAH OCHTEP OOWBIHINA JKYPETIH KEPHEYIECP MCEH
ayBICBIMZIAP M306piCi KOCKIM AWUCKIHIH >KYMBICBIH OamaMamisl Typace kepceredi. Exki Moaems Typinae (CTepsKeHIL
JKOHE TIIACTHHANBI) AJBIHFAH CCENTEYICp HOTIDKENCPl KOPCETKEHACH, OepiareH KYINTIH >KAaFAaHbIHAA JUCKIJeTi
apaHbIH OCPIKTLIT JKaFJalbIH KAMTAMACHI3 €TC/Ti, COHBIMCH OipTe abIHFAH KCPHEYICPAIH MOHICPI CKi CCENTCYAC e
aca ammak OomMainmel. JKyprizumreH 3eprreynep HoTmkeciHae auamerpi 240 MM, TYPaKThl KaJbIHABIFBI t=4 MM
JIOFaJIbl alHAIMAaNbl AUCKI OOJBIN KENETIH, KECy MPOLECIiHAE TEPMO(PHKIMAIBIK TYPAE KECYre apHAIFaH KECKimm
JUCKIHIH KEPHEY I KYHiH €CENTEI MbIFapy daiCTEMECi d3IPICHII.

Keckim aucKiHIH aTKapaThIH XYMBICHI €Ki HYCKAma: CTECP)KEHIl sKyHWe perinae (oprazarbl och OOHMBIHINA
(>xapThUIAl AMCKI) — NIAPHUPCI3 AUCKI TYPiHAC (YII PETTIK CTATHCTHKAJIBIK AHBIKTAIMAFAH XKYHe); KOC MIaMaIbl KyHe
PeTiHAC (AOFAJIBI JKAPTHUTAH JUCKi) — KIHIIIKS H30TPOINTHI IDIACTHHA TYPiHAC MoaeaacHeai. Ecenrreyaep kemeciaen
OMICTEPMEH: KYIITEPIIH AHATHTHKAJNBIK OJICTCPIMEH — INAPHHUPCI3 apKa YIMiH (KOJMCEH aTKAPBUIATBHIH ECENTEp);
TYIIKI 3JIEMEHTTEPAl CaHAy JICTEPIMEH — GKapThHIIAl JOFa» TYPIHIETI IUIACTHHATAP YIUiH (MAIIHHATEI €CenTep —
Lira 9.6 6argapaaMaibIK KSIICH HETi3iHAS) sKypriziaeai. OChl CTEPKCH I JKOHE TIACTHHAJBI €Ki eCENMTEY MOACIbACPL
OOMBIHIIIA AUCKITTI APAHBI CCEMTCY HOTHXKCIICPIH CATBICTHIPY KOPCCTKCHACH, KEPHEYACTI 63TCPICTSP 3aHIBLIBIKTAPHI
yKcac OOJBIN IIBIKKAH, amaiiaa, ammpOKCHMHPIT OOIBIM KEJICTIH aHBIPMAIIBLIBIKTAPEIMCH TYCIHIIPIICTIH KCPHEY-
JICPAiH MaMaIapsl OOWBIHIIA Ocrii Oip AHBIPMAIIBLIBIKTAPEI 12 00Ia ThL.

Tyiiin ce3aep: TCPMOPPUKIMATBIK KSCY, KSCKIII TUCK, MAPHHUPCI3 alfHATMAIBI apKa, KCPHEYICP H30MOJBIC,
HiITII MOMCHTTEP, OOMIIBIK KYII, KOIACHCH KYII.
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HCCIEJOBAHUE HAJE)KHOCTH CTAJIBHOT'O PEXKYIIEI'O THCKA
JJA TEPMO®PUKIIMOHHOU OBPABOTKHA

AHHOTAIHSA. ABTOPAMH 3alaTCHTOBAHBI PECYPCOCOSPETAFOIIIE CIIOCOOBI TCPMO(PPUKITHOHHONH 00padOTKH Ha
MAJIBIX CKOPOCTSIX, KOHCTPYKIMH PEKYIINX IUCKOB M YCTPOHCTB. CpaBHEHMS C TPATUIMOHHBIME Crioco0amu odpa-
OOTKH IOKA3BIBAIOT, YTO MCIOIH30BAHUE PACCMATPUBACMOTO CHIDKACT PACX0IbI HA 00OPyI0OBaHHE B 3-5 pa3 3a cuer
BO3MO>KHOCTH PCaTH3alHH HA YIPOMICHHBIX CTaHKAX (nmm<4000 06/MHH), YBETHIHBACT CTOHKOCTh HHCTPYMCHTA B
10-30 pa3. OgHako cymiecTByeT mpoOiaeMa 00CCICUCHHS MCPICHIWKY LIPHOCTH MOBCPXHOCTH PE3aHHA, KOTOPAs
HEMOCPEICTBEHHO 3aBUCUT OT (DOPMOYCTOMUMBOCTH M YKECTKOCTH PEXYyIIEro Aucka. B 3rtoit cBa3m pabora,
HANPABICHHAS HA WCCIICIOBAHHC HANC)KHOCTH CTAJBHBIX PEXYIUMX JHCKOB, SIBILICTCS aKTyalbHOH. BrImomHeHO
HAYYHO-TCOPETHYECKOE HCCICAOBAHHE PAbOTHI CTAIBHOTO PEKYMIETO AWCKA I TEpMO(PHUKIHOHHON pe3ku. M3
MHOKECTBA IIOAXO0J0B K MOJCIUPOBAHUIO PACUCTHOH CXEMBbI pabOTAIOIIETO BPANIAKOIIETOCS AWCKA IPEJIONKCH
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BAPHAHT CTCPKHCBOM aNIIPOKCHMALIMH, KOTIA TBEPAOC TEJIO KPYTOBOTO JHCKA PACCMATPUBACTCS KAk OeCIIapHUPHAL
KpyroBasd apka, M0 HNPUBCACHHON K CPEAMHHON MOBEPXHOCTH IUTOCKOCTH JUCKA. [T MCCIEAOBAHUA HANPSLKCHHO-
Je(OpMHUPOBAHHOTO COCTOSIHHUS MPUMECHEH KIACCHUCCKHI METOX CHIJI, C YUSTOM CHMMETPHH APKH YHCIIO HEH3BECT-
HBIX CHJI PaBHO TpeM. 11 HCKTFOUCHHS MOOOYHBIX KO3(PPHUIHCHTOB UCTIOTb30BAaHO CBOMCTBO YIIPYTOTO IICHTPA IS
HEBECOMOI OCCKOHEYHO »KECTKOH KOHCOMH. JIIs1 YTOUHEHHS PE3yJIbTATOB HCCICIOBAHMS HAJCKHOCTH PEXKYIICTO
JUCKA TMPOU3BCIACH PACUCT HA MPOTPAMMHOM KOMIUICKCe Lira. [TpuBeACHBI H30TOII HANPSHKCHAN W MCPCMCIICHHIIH.
CpaBHEHHE Pe3yIbTaTOB PACUETOB AWCKOBOIM ITHIIBI IT0 IBYM PACHUECTHBIM MOJEIIM — CTEP)KHEBAS M IJIACTHHYATAT —
MOKA3BIBAKOT CXOKECTh 3aKOHOMEPHOCTEH M3MEHCHHA HANPHKCHHUN, OJHAKO CYIIECTBYET ONMPEACICHHOE PA3IHYHE
MO0 BEJIWYMHAM HANPSDKCHHH, YTO OOBSCHACTCSA PA3IHYMEM aIMPOKCHMHPYIOIINX BbhIpakeHUil.IloayueHHbIE B
pe3yabTaTe HCCICAOBAHUN TCOPETHUECKHUE PE3YIbTAaThl CBHACTEIBCTBYIOT O TOM, YTO MOJCIHMPOBAHHEC PAOOTHI
PEKYIIETO JHMCKA BBHIMOJIHCHHBI B BYX BapHAHTAX (KAK CTEPYKHEBAS CHCTEMA — B BHJC OCCIIAPHUPHOW KPYTOBOH
apKU M KAaK JABYMEPHAd CHCTEMA - B BUJAEC TOHKOM KPYTOBOH H30TPOIHOMN IIACTHHBI C OTBEPCTHUAMH) AACT PE3yJb-
TaTH (B BUAC HANPSOKCHAH W MCPEMCIICHUH), JOCTATOYHO OJMHM3KHEC MEXKIY COOOH, UTO CBHACTCIBCTBYCT O JTOCTO-
BEPHOCTH HUCXOTHBIX TCOPETHUCCKHUX NMPEANONOKeHUH. M30M0m HAMPSOKCHUN U MEPEMEMICHUH MO OCAM, TMOJIy4CH-
HBIC HA MPOTPAMMHOM KOMITIEKce Lira, anexkBaTHO OTPaskaroT paboTy peKyInero Aucka. [1omyueHHbIE Pe3yIbTaThl
pacyeToB B BHIE ABYX MOJEJCH (CTEP)KHEBOM M IUIACTHHYATOM) MOKA3adH, YTO B YCJIOBHAX 3aJAaHHBIX YCUIHMH
00CCIICYNBAOTCS YCIOBHS IPOYHOCTH JUCKOBOM IHJIBL, IIPH 3TOM IIOJIYUCHHBIC 3HAUCHHS HANPSDKCHUH B 0OCHX
pacyeTax CHIbHO HE pacXomATcs. B pesysbTarTe BHIIOJHEHHBIX HCCICAOBAHMH ObIIa pa3paboTaHa METOAMKA pacueTa
HANPSDKEHHOTO COCTOSIHHSL PEXKYINET0 JWUCKA I TEPMO(PHKIHMOHHOW PE3KH 3arOTOBOK B IPOLECCE PE3aHMI,
MPSACTABIIOMICTO COOOM KPYTJIBIH BpaImaromei Tuck nuaMerpoM 240 MM, moCTOSHHON TommmHOH =4 MM, PaboTa
PESKYIIET0 JHCKAa OblIa CMOACIMPOBAHA JBYMS BAPHAHTAMH. KAaK CTEP/KHEBas cucreMa (0 CPEAMHHOH OCH
«TOJNYANCKA») — B BHAC OCCINAPHHPHOM apKu (TPWKABI CTATHHECCKH HEOIPEJCIMMAs CHCTEMA), KaK JABYMEpHAsI
cucTeMa (KpyroBOH MOJNYAUCK) — B BHAC TOHKOM H30TPONHOHN IUTACTHHBI. PacdeThl MPOU3BEACHBI CIICTYFOIIMME
METOJAMHM: AHAMTHYCCKIMH METOJAMH CHJI — JUIT OCCINAPHUPHOW apKH (PYUHOH CUET), YHUCICHHBIMH METOJAMH
KOHCYHBIX 3JIEMEHTOB — UL IUIACTHHBI B BUME «IOJNYKPYra» (MAIIUHHBIA CYET — HA OCHOBE MPOTPAMMHOIO KOMII-
nekca Lira 9.6). CpaBHCHHE Pe3yIbTaTOB PACUCTOB AUCKOBOHM IMHJIBI MO ABYM PACUCTHBIM MOJCTIAM: CTPSIKHEBAA H
IJIACTHHYATAA TOKA3BIBAIOT CXOJKECTh 3AKOHOMEPHOCTEH HM3MCHCHHMA HANPSHKCHHH, OJHAKO €CTh ONMPEACICHHOE
pa3mM4ue MO BEJMYUHAM HANPSLKCHHUH, UTO OOBICHACTCS PA3IHMIHCM ANIIPOKCUMHPYIOIINX BBIPAKCHUH.

KimoueBnie cioBa: TepMOQPHKIMOHHAS PE3Ka, PSKYIMH TUCK, OCCIIApHHPHAS KPyroBas apKa, H3OTOII
HANPSLKEHMS, H3TUOAFOIIIE MOMEHTBIL, TIOTICPEYHbIC YCHIIHSL, IIPOOTBHBIC YCHIHS.
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